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MEMORANDUM 
 
DATE:  February 12, 2002 
 
TO:  Drew Gangnes, SWMB 
 
FROM:  Michael Whelan, P.E., and John P. Laplante,  

Hart Crowser, Inc. 
 
RE:  Shoring Wall Design Parameters 

10 Broad Street 
Seattle Washington 

  7018-02 
  
 
This memorandum provides our recommended design parameters for the temporary 
shoring wall that will support excavation at the 10 Broad Street site, in Seattle, Washington. 

At part of the redevelopment of the 10 Broad Street site, Hart Crowser is creating a plan for 
excavation of contaminated soils near Elliott Avenue.  To facilitate this excavation, which will 
be on the order of about 18 feet deep, a temporary shoring wall will be required along 
Elliott Avenue.  The ground surface elevation along Elliott Avenue is about 13 feet, City of 
Seattle datum, which will result in a planned bottom of excavation at elevation –5 feet. 

Subsurface Conditions 

Hart Crowser advanced one geotechnical boring at the location of the shoring wall.  A copy 
of the boring log is attached for reference.  The location of this boring is shown on Figure 1, 
Site and Exploration Plan.  The following two major stratigraphic units were encountered: 

Sandy, Gravelly CLAY FILL.  This soil unit was generally medium stiff to stiff in consistency.  
The fill contains woody debris and other organics, and is present to a depth of about 15 
feet. 

Native SAND and GRAVEL.  Beneath the sandy clay, slightly silty to very silty sand and 
gravel were encountered.  This soil unit is very dense, with the exception of the upper 2 to 3 
feet, which is medium dense.  The sand and gravel extended to the bottom of our 
exploration, with increasing silt content at the bottom of the boring. 
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Groundwater.  Groundwater was encountered at a depth of about 18 feet at the time of 
drilling, which corresponds to an elevation of about –5 feet, City of Seattle Datum.  Periodic 
monitoring of groundwater levels in adjacent existing wells suggests that the static 
groundwater elevation in this area is at about elevation –3.5 feet, with little tidal influence.  
The shoring wall should be designed assuming that a groundwater elevation behind the wall 
of –2 feet, City of Seattle datum.  This will result in an unbalanced hydrostatic head between 
the back of the wall and the base of the excavation, which should be accommodated by the 
shoring design.  The need for dewatering to accomplish excavation and shoring construction 
must be evaluated, and it may be necessary to use well points or other means for temporary 
dewatering. 

Soldier Pile Shoring Design Parameters 

Temporary shoring along Elliott Avenue should be designed using an active (triangular) earth 
pressure distribution using equivalent fluid weights of 42 pounds per cubic foot (pcf) above 
the groundwater table, and 20 pcf below the groundwater table.  Ultimate passive pressures 
should be calculated assuming a triangular passive pressure distribution with an equivalent 
passive fluid weight of 300 pcf.  The upper 2 feet of soil at the base of the excavation should 
be ignored in the calculation of passive pressure, and a factor of safety of at least 1.5 should 
be applied to passive pressures.  To account for the traffic surcharge along Elliott Avenue, 2 
feet should be added to the height of retained soil (H).  The active pressure should be 
extended to the base of the wall system (i.e., the bottom of the piles).  Active earth 
pressures may be considered to act over one pile diameter below the base of the 
excavation.  The recommended earth pressure distribution is shown graphically on Figure 2. 

Wall deflections will need to be monitored during the time that the wall is in place.  It may 
be possible to reduce the height of the shoring wall by using a cut slope at the top of the 
wall.  This would have the potential advantage of lessening the required size of structural 
members in the wall and may enable the wall to be designed without tiebacks.  The cut 
slope should be no steeper than 1H:1V.  Account for such a slope in the shoring design by 
assuming that an effective additional height of soil, equal to one-half the slope height, is 
present behind the wall.  See Figure 1.  The maximum open cut height will be dictated by 
the available right-of-way that we can take.  At most, this cut should be limited to 8 feet in 
height, however the available right-of-way may be much less. 

If tiebacks are used, they should be tested during installation in accordance with the Tieback 
Testing Program presented in Attachment A.  We have also included a Shoring Monitoring 
Program for the wall in Attachment B. 
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Soldier Pile Support Systems.  Soldier piles must be designed to carry bending stresses.  
These stresses should be calculated from the active earth pressures.  The soldier piles must 
be embedded deeply enough to provide kickout resistance for the portion of the wall below 
the excavation. 

n Design soldier piles for bending using a uniform loading equivalent to 80 percent of the 
design earth pressure values.  Analyze for shear using the total load. 

n For design against kickout, compute the lateral resistance on the basis of passive 
pressure acting over twice the diameter of the soldier pile section or the pile spacing, 
whichever is less.  This value should include a factor of safety of about 1.5. 

n Embed soldier piles a minimum of 10 feet below the base of the excavation or to the 
required structural depth, whichever is greater. 

Lagging.  Loss of ground between the soldier piles is often prevented using timber lagging.  
The lagging is attached to the soldier pile and designed for some fraction of the applied 
pressure on the wall.  The lagging will be designed using an applied lateral pressure of 80 
percent of the design wall pressure. 

Prompt and careful installation of lagging, particularly in areas of seepage and loose soils, is 
important to maintain the integrity of the excavation.  Soil failure, sloughing, and loss of 
ground must be prevented.  All voids behind the lagging should be backfilled thoroughly 
with a porous slurry or pea gravel.  Lean concrete, foam, or other low permeability materials 
should not be allowed, because they could cause build-up of hydrostatic pressures behind 
the wall. 

An extra lagging board or two should be installed above the shoring wall to provide a partial 
barrier for material that could fall into the excavation. 

Attachments: 
Figure 1 -  Lateral Earth Pressures for Cantilever or Singly Braced Shoring 
A - Tieback Testing Program 
Figure A-1 - Key to Exploration Logs 
Figure A-2 - Boring Log HC01-1 
B - Shoring Monitoring Program 
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ATTACHMENT A 
TIEBACK TESTING PROGRAM 
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ATTACHMENT A 
TIEBACK TESTING PROGRAM 

Pullout tests and creep tests are required during construction to verify the design and proper 
installation of the tieback anchors. 

Performance Test (200 Percent Design Load) 

A minimum of two performance tests will be performed for each soil type that will be encountered 
in the bond zone of the anchors.  Each performance test should be conducted according to the 
following procedure: 

1. The geotechnical engineer will select the testing locations with input from the shoring 
subcontractor. 

2. The performance test will measure anchor stress and displacement incrementally at loads up to 
200 percent of the design stress.  Load the anchor in increments of 25 percent of the design 
load (i.e., 0.25 DL, 0.50 DL, 0.75 DL, etc.) with each increment held for at least 5 minutes.  
Obtain and record deflection measurements during loading at intervals of 30 seconds, 1 minute, 
2 minutes, 3 minutes, and 5 minutes.  Measurements shall be made to an accuracy of 0.01 inch. 

3. The maximum stress in the prestressing steel should not exceed 80 percent of the ultimate 
tensile strength during performance testing.  The soldier piles and tiebacks that undergo 
performance testing may require extra reinforcement to permit stressing to 200 percent of 
design load as required for the performance test. 

4. Perform a creep test at the 200 percent design stress reading by holding the load constant to 
within 50 psi and recording readings at 30 seconds, 1 minute, 2 minutes, 3 minutes, 5 minutes, 
and 10 minutes for temporary anchors.  Continue with addition 10-minute increments if creep 
criteria are not met at the 10-minute interval. 

5. A successful test is one that exhibits a linear or near-linear relationship between unit stress and 
movement over the entire 200 percent stress range, holds the maximum test unit stress without 
noticeable creep, and satisfies the apparent free length criteria.  Noticeable creep is defined as a 
rate of movement of not more than 0.04 inch between the 1- and 10-minute readings, or not 
more than 0.08 between the 6- and 60-minute readings.  If the reading does not stabilize to 0.08 
inch or less per log cycle of time, the test shall be considered to fail the creep criteria.  The 
minimum apparent free length (measured as the theoretical elastic anchor elongation under the 
applied load), based on the measured elastic and residual movement, should be greater than 80 
percent of the designed free length plus the jack length. 

6. Perform tests without backfill ahead of the anchor, if the hole will remain open, to avoid any 
contributory resistance outside of the anchor zone by the backfill.  If the hole will not remain 
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open during testing, provide a bond breaker on the tie rods and backfill the no-load zone with a 
non-cohesive mixture. 

Proof Test (130 Percent Design Load) 

For each production tieback anchor, follow the proof testing procedures outlined below: 

1. Load each anchor to 130 percent of the design load in increments of approximately 25 percent 
of the design load (i.e., 0.25 DL, 0.50 DL, 0.75 DL, 1.00 DL, and 1.30 DL).  The maximum stress 
in the prestressing steel should not exceed 80 percent of the ultimate tensile strength during 
proof testing. 

2. Hold each incremental load for a period long enough to obtain a stable deflection measurement 
while recording deflections at each load increment.  Hold the 130 percent load for a minimum 
of 5 minutes, recording the movement at times of 30 seconds, 1 minute, 2 minutes, and 5 
minutes. 

3. A successful test is one that exhibits a linear or near-linear relationship between unit stress and 
movement over the entire stress range, holds the maximum test unit stress without noticeable 
creep, and satisfies the apparent free length criteria as indicated for the performance testing. 

4. Typically, movement of the anchor in excess of about 3 inches is indicative of deficiencies in 
installation.  Normally, total movement in excess of 12 inches is considered a failure requiring 
replacement.  To determine if a replacement or supplement is required, the geotechnical and 
structural engineer should review total movement between 3 and 12 inches. 

5. Following proof loading, lock off each tieback anchor to 80 to 100 percent of the design load, 
except as specified otherwise. 
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ATTACHMENT B 
SHORING MONITORING PROGRAM 
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ATTACHMENT B 
SHORING MONITORING PROGRAM 

The shoring wall should be monitored using controlled optical surveying of the elevation and 
horizontal position the top the soldier piles, with survey targets placed on about a 20-foot spacing 
(or every fourth pile).  Monitoring should occur at least twice weekly, or daily if movements in 
excess of 1 inch are recorded at the top of the soldier piles.  Monitoring should continue 
throughout the construction period, until the engineer has determined that readings can be 
stopped.  Reported data should include date, total horizontal and vertical movement, relative to the 
initial baseline readings, and relative horizontal and vertical movements compared to the prior 
readings. 

F:\docs\jobs\701802\10 broad street shoring memo.doc 




